Aims: Diabetes is a major public health problem in low and middle-income countries. This study 1) estimated prevalence and factors associated with hyperglycemia in Benin, and 2) assessed the treatment quality of diabetes. Methodology: A cross-sectional research was conducted with two components. The First component has included 4954 subjects aged (18 -69) randomly selected in Mono/Couffo and Donga regions. Data were collected according to WHO's STEPS approach. Capillary blood glucose was measured using the automat Cardiocheck  PA. The Second component considered Public Health Centers (PHCs) within the study regions. Health system established for diabetes control, healthcare practices and the level of involvement of the Public Healthcare Providers and community actors in the management of diabetes have been explored. Findings: A total of 4775 subjects participated in the first component with a predominance of women (56.8%), rural residence and aged (<45 years). Prevalence of hyperglycemia was 9.2%. Age ≥ 30 years, Fon ethnic groups and related, obesity, hypercholesterolemia, and inadequate intake of fruits and vegetables were positively associated with hyperglycemia. The second component has underscored a mismatch of facilities, processes and quality healthcare. Conclusion: Diabetes prevalence goes increasingly in Benin when its management is inadequate in PHCs. Prevention and control actions should be strengthened.
Introduction
Diabetes is a seriously chronic disease which occurs with the pancreas failure to produce enough insulin (hormone regulating blood sugar content, or glucose), or when the body fails to use insulin properly that it produces [1] . There are two diabetes types (type I and type II). Type II diabetes represents the majority of diabetes affecting people in the world. It is one of four major non-communicable diseases (NCDs) targeted for global intervention [2] . Type II diabetes occurs in most of the cases as a result of overweight and sedentary lifestyle; it leading to blindness, kidney failure, heart failure, strokes, and lower limbs amputation [1] [3] .
Globally, the population of adults living with this disease is estimated to 422 million in 2014, against 108 million in 1980 [2] . Diabetes prevalence has almost doubled since 1980, increasing from 4.7% to 8.5% among the adults. It is reported to having increased much more rapidly in the low and middle-income countries with higher death rates occurring before the age of 70, while basic screening technologies for diabetes diagnosis and treatment lack in two third of those countries [1] [4] . Moreover, a study carried out in four West African countries (Benin, Burkina-Faso, Guinea and Mali) has clearly shown that the extortionate diabetes treatment costs are generally unaffordable for the modest income populations who, most of the time have subscribed no health insurance [5] [6] . However, the implementation of simple lifestyle and adoption of obesity control interventions, healthy and balanced diet, and regular physical activity may significantly reduce the magnitude of this chronic disease [7] [8] and contribute to deliver the Sustainable Development Goal 3 [9] .
In Benin, the 1st National Survey on Non-Communicable Disease Risk Factor (STEPS) in 2008 reported the prevalence of hyperglycemia at 2.6% but this figure shows a disparity based on the region, sex and living environment [10] . These disparities suggest the need to have as much as possible estimates close to local populations with a view to adapting the appropriate riposte to each context. In this regards, beyond the diabetes prevalence, the provided treatment evaluation is essential to identify those actions already implemented and those to be complemented in order to match the treatment needs with demand, then with the supply.
The Belgian Technical Cooperation supports Benin in NCDs control through the project called "PASS-Sourou". A STEPS survey and treatment quality of major NCDs in the Public Health Centers (PHCs) was initiated in the PASS-Sourou Intervention areas in order to develop an appropriate response scheme. This study has used the data generated during that survey by its first author to 1) estimate prevalence and factors associated with hyperglycemia in adults aged 18 -69, and 2) assess the treatment quality of Type II diabetes in the study areas. 
Material and Methods

Scope of the Study
Study Design and Recruitment
This was a cross-sectional, descriptive and analytical study. It has been conducted into two components from October to December, 2015.
Component I 1) Population and sampling
The study population consists of all adults aged 18 -69, living in Mono, Couffo and Donga Regions for at least six months. The sample size was calculated based on Schwartz formula [14] taking into account the following parameters: a theoretical prevalence of 50% risk factors for NCDs, an alpha error risk of 5% and an accuracy of 6%. The initial size has been later on multiplied by 8, by considering 8 independent sub-populations along the age group and sex lines. A 5% increase was made to anticipate the non-respondents cases. Thus, 2499 subjects were selected in Donga Region on the one hand and, the same was done for the Mono/Couffo Regions, on the other hand, making a total of 4998 subjects to be investigated.
A three-stage random sampling technique was performed to select the sub- Excluded from the survey were those subjects who had not consented, those who had two unsuccessful visits, and anyone with a medical condition that prevented the questionnaire from being administered: speech and hearing disorders, major mental disorders.
2) Data collection
The questionnaire used for the survey is the one developed by the World Health Organization (WHO) for Steps surveys purposes [14] . [14] . As for hypercholesterolemia, it is defined for a total cholesterolemia ≥ 190 g/dl [14] .
c) Socio-Economic Status (SES)
A SES score has been calculated based on the education level, major professional occupation and income [17] [18]. Thus, two levels were adopted for each Open Journal of Epidemiology A multiple logistic regression was performed in order to investigate factors associated with hyperglycemia (diabetes). The most significant factors have been defined as variables with p-value < 0.05. 
Component II
Ethical Considerations
The Research Proposal designed for the study has been approved by the National All the same, each participant in the study has expressed his/her free and informed consent. Participants' personal data were protected and the study team ensured anonymity as regards the sources of collected data.
Results
Component 1 3.1.1. Characteristics of the Study Sample
A total of 4775 subjects were included in this study, representing a 95.5% response rate. Women dominated the sampling (56.8%) and adults under 45 years (74%). The majority of the subjects lived mainly in rural areas (70.0%) with a low education level (77.8% had not completed primary education). Most of the participants (79.4%) were involved in a paid professional activity, but more than 7 out of 10 subjects had low socioeconomic status (Table 1) . NCDs behavioral risk factors prevalence was 7.1% for smoking, 10.6% for abuse alcohol, 82.4% for insufficient physical activity and 87.5% for insufficient consumption of fruits and vegetables. The biological risk factors were: 6.6% for obesity, 26.8% for high blood pressure and 14.4% for hypercholesterolemia. 
Prevalence of Hyperglycemia and Associated Factors
Hyperglycemia prevalence was 9.2% (95% CI [7.3 -11.6 
]). It was higher in
Mono/Couffo regions (10.1%) than in Donga Region (8.2%), p < 0.02.
• Hyperglycemia and socio-demographic factors Hyperglycemia was independent of gender, income, residence, socioeconomic and marital status. However, it increased with age (p < 0.01) and more affected poorly educated subjects (p < 0.001), those with remunerated professional activity (p < 0.001), Adja, Fon and other ethnic groups (p = 0.03) ( Table 1 ).
• Hyperglycemia and other risk factors for NCDs
Hyperglycemia prevalence was not associated with tobacco consumption, abuse alcohol, insufficient intake of fruits and vegetables, and insufficient physical activity. It is higher among people with hypercholesterolemia (p < 0.001), obesity (p < 0.001), and those with high blood pressure (p < 0.001) ( Table 2) .
In multivariate analysis, only age, ethnicity, insufficient intake of fruits and vegetables, obesity and hypercholesterolemia are stable (Table 3) . *Consumption corresponding to <5 portions of fruits and/or vegetables per day. A standard portion equals 80 g. Medium size fruits like an orange, an apple, a banana, a pear counted for one portion. Other fruits like half an avocado, half a large mango also formed one standard portion. Three heaped tablespoons (~30 g per heaped spoon) of cooked vegetables were equal to one portion, and one standard bowl for fresh salad. **Corresponding to less than 30 minutes at a stretch of moderate physical activity (or less than 20 minutes of intense physical activity) at least during 5 days a week. 
Component 2 (Diabetes Treatment Quality)
A total of 27 Public Health Facilities participated in the survey: 15 DHCs, 5
MHCs and 7 zone or regional hospitals. In the DHCs, the nursing population ranged from 1 to 2 and those of midwives from 0 to 1. In the MHCs, there was one Physician with the population of nurses ranging from 2 to 4, and that of midwives was 1 per center. In the hospitals, the nurses population ranged from 10 to 31, that of midwives from 0 to 1, Physicians from 2 to 4, and Specialist from 1 to 3. The most preponderant specialties were gynecology, surgery and pediatrics. There was neither internist doctor, nor diabetologist, nor ophthalmologist, nor cardiologist in the hospitals visited. Similarly, the available caregivers staff operating in those Health centers was generally not trained in NCDs treatment; only 13.3% to 20.0% staff has knowledge in the field.
The Health Centers attendance level was relatively higher in the DHCs and
MHCs with average monthly consultation frequencies of 324 ± 229 and 467 ± 110 versus 242 ± 173 for hospitals, respectively. However, Diabetes consultations were scarce, showing a monthly average estimated at 10, mainly in Regional Hospitals/Zone Hospitals ( Table 4 ).
The average fees paid per patient at each visit varied according to both the region and health facility type. In Donga, they were US$ (≈0.4 ± 0) for the MHCs and DHCs against (2.07 ± 0.12) and (4.75 ± 1.5) respectively (for consultations in general medicine and specialized medicine in hospitals. In the Mono/Couffo regions these costs were respectively 0.39 ± 0.12 and 0.46 ± 0.12 for the DHCs and MHCs against 2.34 ± 0.46 and 4.1 ± 2.69 for consultations in general medicine and specialized medicines. The practice of insurance was almost non-existent 
Discussion
Prevalence of Hyperglycemia
The overall prevalence of hyperglycemia has been estimated to 9.2% (95% CI [7.3 -11.6] In Africa, this finding is similar to STEPS 2010 data in urban Burkina Faso where hyperglycemia prevalence was 8.5% [20] . 
Factors Associated with Hyperglycemia
Hyperglycemia prevalence in this study was independent of gender, income, residence, socioeconomic status, and marital status, but it shows an increase with age. Hyperglycemia affects poorer subjects (p < 0.001) and those with paid employment (p < 0.001). Trends reported in the literature are highly variable from one study to the other.
The proportion of women suffering from hyperglycemia was statistically higher than that of men in Gabon in 2009 [27] , Burkina Faso in 2010 and 2013 [20] [24] while an opposite reality was observed and recorded in Algeria [28] , Senegal [21] and Togo in 2010 [22] . Most of these surveys also revealed a significant gap between urban and rural areas [8] [24] [27] [28] .
A high prevalence of hyperglycemia in Togo was reported more among retirees [22] than among active people as in our study. The escalating prevalence noticed along the age line has also been objectified in Togo [22] and Burkina Faso [24] . The correlation between hyperglycemia and socio-demographic factors varies across countries but might also possibly be influenced by the methodology and definition of variables. The most consistent observation is mainly related to age: hyperglycemia prevalence increases with age and suggests a longer exposure to risk factors.
This study did not establish a correlation between hyperglycemia prevalence and some other known risk factors for NCDs: tobacco use, alcohol addiction, and low physical activity. However, these factors and more particularly the last two have a significant influence on the prevention of diabetes [2] [3]. The lack of this correlation may be related to the cross-sectional nature of the survey, which does not make it possible to specify whether or not the hyperglycemia predicts Open Journal of Epidemiology an exposure to these factors, nor does the possible duration of the study allow.
Similarly, the low prevalence of all these factors has probably not allowed the study to highlight the possible links. On the other hand, with the association of a high hyperglycemia prevalence with obesity (p < 10 -5), hypercholesterolemia (p < 0.001) and high blood pressure (p < 0.001) there is, for those subjects, a high risk of prevalence of metabolic syndrome which, according to WHO (1999) is the association of a glucose regulation abnormality with two of the following risk factors: hypertension, dyslipidemia, central or visceral obesity and renal impairment [29] .
Diabetes Treatment Quality
The qualitative survey findings have highlighted the crucial problem of inadequate human resources availability in the three regions (Mono/Couffo, Donga). All the same, the limited size of staff available is neither trained nor equipped for carrying out the NCDs diagnosis and treatment, in particular, that of diabetes. This may probably explains the contrast between the high hyperglycemia prevalence among the population and the low number of diabetes cases revealed during consultations. This under-diagnosis situation is also worsened by the lack of awareness on the thematic, the lack of involvement of the populations and especially the absence of organizations for promoting diabetes prevention, screening and treatment. The lack of early diagnosis also sustains the absence of diabetes cases referred to MHCs and DHCs which are rather most of the time driven to hospitals, probably at complication stages. The treatment of cases tested positive will then come up against the low availability of additional tests to assess the impact. Indeed, the recommended minima [30] for the optimal treatment of diabetes at all levels have not been observed in any of the three regions. However, regarding human resources, the DHCs lack of a Diabetic Educator for the patients as the MHCs do as far as podiatrist and dietician are concerned. Hospitals rather lack internist or diabetes specialist, cardiologist and ophthalmologist who are all essential resources for any integrated comprehensive and quality treatment.
In terms of equipment, the required minima are not met, and are not available with the lack of treatment guide, urine test strips and blood glucose meter appropriate for the DHCs level. In addition to these there should be a tuning fork and reflex hammer, an ophthalmoscope, an optometrist and the biochemistry kit at the MHCs level, followed by fundoscopy, dialysis and cardiovascular diseases testing material at hospital level [30] . These observations confirm that most sub-Saharan African countries do not have a formal organized system for diabetes treatment hence subjects with diabetes are usually treated at both the primary and secondary levels by paramedical caregivers and physicians who are often not adequately trained or lack standard documents to facilitate any standardized care [30] [31] . Besides, diagnostic materials are usually lacking and drugs supply is not assured. Therefore, very few health facilities are equipped for providing a tertiary level comprehensive care [30] . These problems induce a def-Open Journal of Epidemiology icit of healthcare provision which does not facilitate any effective assessment of the demand in these centers, overlooking by so doing the financial problem and the socio-cultural constraints which are often identified as the major barrier for the subjects with diabetes to access treatment [32] . The financial challenges are all the more pinpointed as another significant barrier because diabetes treatment cost may vary from 21% to 70% depending on the level of its evolution and any possible complications [5] [8].
These results (component 1 and component 2) require a greater surveillance for NCDs' risk factors and diabetes in particular through community-based health promotion interventions for behavioral change, as well as government to improve the medical management of diabetes and the establishment of universal health insurance system for poor people.
This study evaluates both the prevalence and the management of diabetes in
Benin. It has been conducted in line with WHO's STEPS wise approach following a standardized methodology and using appropriate tools. It has enabled to record a good estimate of hyperglycemia prevalence among the target population and, above all, has facilitated comparison with previous studies produced both in Benin and in Africa and elsewhere. However, the behavioral data collected were declarative, which does enable to get rid of any information bias.
Conclusion
Hyperglycemia prevalence is high and continues to escalate in Mono, Couffo and Donga regions. It increases along age line and is associated with ethnicity, inadequate fruits and vegetables consumption, obesity and hypercholesterolemia. The currently provided treatment by the system is not adequate. There is also a low awareness and lack of involvement of the population who are not equipped to take charge and participate fully in the organization of a formal system of early detection of diabetes. It is therefore essential to rethink the response in order to strengthen the local health system with a view to effectively tackling diabetes. Open Journal of Epidemiology and PF were involved in the design of the study. SA, PS, RP, AE contributed to patient recruitment, follow up and collection of data. CMA, SA, CH managed and analyzed data. CMA and SA wrote the first draft of the manuscript. The final manuscript draft was approved by all authors. MLD is the guarantor and has primary responsibility for the integrity of this work as a whole.
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